Summary Women with back pain and vertebral fractures describe different pain experiences than women without vertebral fractures, particularly a shorter duration of back pain, crushing pain and pain that improves on lying down. This suggests a questionnaire could be developed to identify older women who may have osteoporotic vertebral fractures. Introduction Approximately 12 % of postmenopausal women have vertebral fractures (VFs), but less than a third come to clinical attention. Distinguishing back pain likely to relate to VF from other types of back pain may ensure appropriate diagnostic radiographs, leading to treatment initiation. This study investigated whether characteristics of back pain in women with VF are different from those in women with no VFs. Methods A case control study was undertaken with women aged ≥60 years who had undergone thoracic spinal radiograph in the previous 3 months. Cases were defined as those with VFs identified using the algorithm-based qualitative (ABQ) method. Six hundred eighty-three potential participants were approached. Data were collected by self-completed questionnaire including the McGill Pain Questionnaire. Chi-squared tests assessed univariable associations; logistic regression identified independent predictors of VFs. Receiver operating characteristic (ROC) curves were used to evaluate the ability of the combined independent predictors to differentiate between women with and without VFs via area under the curve (AUC) statistics.
Introduction
Osteoporosis is one of the commonest diseases to affect older women. By the year 2025, it has been estimated that more than 30 million men and women aged 65 and older will be affected in the European Union alone [1] . Vertebral fractures (VFs) are one of the most important sequelae of osteoporosis, with an average of 12 % of postmenopausal women having at least one vertebral deformity, the majority of which are osteoporotic VFs [2] . These women have a reduced quality of life [3] and a modest excess mortality [4] and are at a high risk of further vertebral [5] and other osteoporotic fractures [6] . A key finding from research into the realities of life with osteoporosis is that 58 % of people with VFs have long-term pain [7] . Despite this, less than a third of women with VF come to clinical attention [8] . Back pain from all causes, most notably degenerative spinal disease, is also common in this age group with 19 % of older women reporting back pain [9] . It is not always clear when a report of back pain should trigger referral for radiographs, and there is uncertainty about which characteristics of back pain may indicate presence of VF.
Improved identification of women whose back pain may be indicative of VF would provide the opportunity for those women to receive interventions to manage pain and reduce future fracture risk earlier than is presently often the case. As early intervention for osteoporosis [10, 11] is known to improve outcomes and reduce the risk of further fractures, achieving more accurate and faster diagnosis has the potential to benefit women and healthcare services. Although guidelines [12] already stress the importance of 'red flags' in cases of low back pain to identify presence of fracture or cancer, these guidelines may not assist in the identification of fractures that are related to osteoporosis rather than trauma. A recent systematic review [13] and accompanying editorial [14] have reviewed the evidence used in the guidance and found that only age, glucocorticoid use, trauma and presence of contusions were confirmed as risk factors for fracture. In addition, the increased risk of fracture was too low to suggest that combining these factors is clinically useful, and this did not, in fact, perform substantially better than clinical judgement. This highlights that there is a need to look again at predictors and descriptors for vertebral fracture.
There has, nonetheless, been progress in understanding the characteristics of VF to assist in the development of screening tools. For instance, our recent published work shows that clinical indicators such as presence of back pain in combination with other features such as history of fracture can assist in identification of older women at risk of prevalent osteoporotic vertebral fracture [15] . In addition, although it was already known that women with multiple VFs report more days of back pain than those with only one VF [16] , we have now started to show that site of back pain can indicate the likelihood of VF. In a cohort of 504 women, the presence of lateral waist area pain associated with a 4.5-fold increased risk of the existence of vertebral fracture [17] . Although these indicators have the potential to enhance identification of women with VF, it remains uncertain whether pain characteristics might provide useful indications of pain related to VF rather than other causes. Characteristics of pain are widely used within medicine to identify cause or type of pain and to match investigations or treatments with cause-for example, a patient's report of 'crushing effort-related' chest pain or 'stabbing' chest pain is used to help to discriminate cardiac pain from pain due to pleural problems. This information has been used in identification of cardiac pain within clinical practice and to raise public awareness of how to recognise possible cardiac pain that requires urgent medical care. Identifying characteristics of back pain relating to VF that are different from those relating to other types of back pain has the potential to achieve similar goals.
The aim of this study was to compare characteristics of back pain experienced by those with and without osteoporotic VFs. The presence of differences would indicate that it may be possible to develop a questionnaire to help discriminate between those likely and those unlikely to have a VF. In turn, this may yield an indication of who should have diagnostic spinal radiographs and those who are unlikely to have VF and should therefore receive other forms of investigation or treatment.
Methods

Study design
This is a case control study of older women with and without vertebral fractures. The study was approved by an appropriate NHS Research Ethics Committee, REC Ethics approval reference 12/SW/0354.
Study population
Digital radiological archives from a large district general hospital radiology department were used to identify a population of potential participants who had a thoracic radiograph in the previous 3 months. These radiological archives contain the images from all spinal radiographs performed within the community and secondary care settings from the north of Bristol and South Gloucestershire, South West England, UK. Inclusion criteria were ≥60 years old, female and thoracic radiographs performed in the previous 3 months. Exclusion criteria were spinal surgery or metastases identified on the radiographs. All eligible women were invited to take part in this study by post over a 2-year time span. Recruited individuals were those who returned their completed consent form and questionnaire. Cases were defined as those with a VF identified from their thoracic spinal radiographs by a single reviewer (EC) blinded to other data used in the analyses using the algorithm-based qualitative (ABQ) method [18] . Controls were defined as those without a VF on their spinal radiograph.
Pain data
Six hundred eighty-three potential participants were approached, and all who agreed to take part self-completed a questionnaire assembled from domains and scales from questionnaires previously validated in UK populations, including the McGill Pain Questionnaire (MPQ) [19] , visual analogue scale (VAS) pain intensity and the Keele STaRT Back pain score [20] . Pain variables used in this analysis include pain severity, change in pain over time, descriptive words from the MPQ, lists of activities that increase or decrease pain and pain radiation.
Other data Data were also collected via self-report on socioeconomic status (highest achieved educational qualifications and housing tenure), global rating of overall health (by the EuroQol visual analogue scale (EQ-VAS) on a scale of 0 for worst possible health to 100 for best possible health), known risk factors for fracture (including age, previous fractures, use of glucocorticoids, family history of hip fracture, smoking, alcohol intake and poor vision) and measures of frailty (walking distance, balance problems, falls and concomitant illnesses). Data were also collected from the radiographic image and report including the indication for performing the radiograph, where requests originated from (primary or secondary care), and radiographic feature of degenerative spinal disease. Radiographs were graded according to severity of degenerative change: mild was defined as one or two vertebrae with osteophytes and/or one loss of disc height, moderate was defined as two to five vertebrae with osteophytes and/or two to three loss of disc heights, and severe degenerative spinal disease was defined as more than five vertebrae with osteophytes and/or four or more loss of disc heights. No face-to-face interviews or physical examination were carried out as part of this study.
Sample size, power and statistical analysis
Our a priori sample size calculation was based on pilot data indicating that 40 % of women identified through the digital radiological archives would have a VF. We planned on recruiting 206 participants to give us 80 % power with a two-sided 5 % significance to identify a difference of 0.4SD in the measures of the MPQ between women with and without VF. All statistical analyses were performed using Stata 11.2. Chi-squared tests were used to assess univariable associations with categorical data. The continuous variables age and global health state EQ-VAS were assessed using the Wilcoxon ranksum test. For variables relating to back pain, logistic regression was used to estimate odds ratios (ORs) with 95 % confidence intervals (CIs) for the presence of VF. Multivariable logistic regression was used to adjust univariable associations between variables related to back pain and presence of VF for self-report of a diagnosis of osteoporosis as a proxy for knowledge about the presence of a VF. To identify independent predictors of VF, variables were chosen to be included in the logistic regression analyses if the univariable associations had a P value <0.1. Backward elimination was used by starting with all candidate variables and eliminating one by one based on P value and pseudo R squared until no further improvement was possible. All excluded variables were reintroduced into the final model to check that the decision to eliminate them was correct. Independent predictors of VFs identified using multivariable logistic regression models were used to generate a final risk score. The risk score was calculated by using the constant and the beta-coefficients corresponding to each variable identified by regression. A receiver operating characteristic (ROC) curve was employed to evaluate the ability of the combined independent predictors to discriminate between women with and without VFs, with in particular the area under the curve (AUC) being calculated. Participants with missing data for specific items were excluded from the relevant analyses. Sensitivity analyses were performed by rerunning some analyses adjusting for self-reported diagnosis of osteoporosis as a proxy for knowledge of the presence of a VF.
Results
A total of 197 participants were recruited: 64 cases with VFs and 133 controls without VFs. Of the cases, 46 (71.9 %) reported having received a diagnosis of osteoporosis compared to 36 (27.1 %) of the controls (P < 0.001). As shown in Table 1 , cases were older, more likely to have risk factors for fracture, particularly more likely to have had a previous non-VF, more likely to have used steroids for more than 3 months and more likely to report poor vision. Cases were also more likely than controls to report shorter walking distance and have one or more falls per year (Table 1) . There was no evidence of differences between cases and controls in terms of global health state, socioeconomic status or presence of concomitant illnesses.
Just under 80 % of all spinal radiographs had been requested by primary care and the remainder by secondary care (hospital setting), with no evidence of a difference between cases and controls. Pain was the major reason for requesting spinal radiographs (79.7 % of 64 cases and 80.5 % of 133 controls). Cases were less likely to have features of degenerative change on their spinal radiographs (Fig. 1) . Overall, 29.7 % of cases had moderate or severe degenerative change compared with 54.1 % of controls (P = 0.011). In addition, all cases had one or more VFs on spinal radiographs; no controls had VF.
No difference was identified in severity of the most recent episode of back pain (7.7 on a 0-10 VAS among cases compared with 7.6 among controls, P = 0.884). Cases were more likely to describe their pain as being present for a few days or weeks prior to the spinal radiograph compared with controls, who were more likely to have reported their pain being present for months to years (Table 2) . Similarly, cases were more likely to describe their pain as brief, momentary or transient compared to controls. Cases were less likely to describe other pain experiences than controls-for example, controls were more likely than cases to have experienced 'horrible/excruciating' toothache, to describe back pain associated with radiation of pain down their leg, and more likely to describe neck pain with their back pain.
Differences were also identified in exacerbating or relieving factors, particularly those associated with the weather and movement (Table 2) . Cases were less likely to describe negative effects of weather on their back pain; conversely, they were more likely to report an improvement in their pain with lying down or staying still. There was no evidence of a difference in how bothersome back pain was between cases and controls. Rerunning analyses adjusting for self-report of a diagnosis of osteoporosis as a proxy for knowledge about the presence of VF did not change the size of effect or direction of association for any of these self-reported pain descriptors (data not shown).
Analysis of the MPQ showed no difference in number of words chosen between cases and controls. However, cases were more likely to use the word 'crushing' to describe their pain (Table 3) . Given the numbers involved, the evidence for this association was weak and, moreover, it was partially attenuated after adjustment for self-report of receipt of a diagnosis of osteoporosis as a proxy for knowledge about the presence of VF (Table 3) . As detailed in Table 4 , the independent predictors of VF identified by multivariable logistic regression were age, history of previous fracture, short duration of back pain (days or weeks), pain described as crushing, pain improving on lying down and pain not spreading down the legs. A risk score generated from these six variables discriminated between those with and without VF-for instance, as depicted in Fig. 2a , the median of this score for cases was 0.55 (interquartile range (IQR) 0.40 to 0.70) and for controls was 0.20 (IQR 0.02 to 0.37). From the ROC analysis shown in Fig. 2b , the AUC was 0.85 (95 % CI 0.79 to 0.92). A cut-off of 0.39 gave a sensitivity of 0.77 and a specificity of 0.78; this suggests that applying this cut-off to a group of older women with back pain such as those in this study would miss 23 % of those with VF while at the same time reducing the number of radiographs performed by 60 %.
Discussion
We present results from the first study of self-reported pain descriptors in older women with back pain and identify novel predictors for the presence of VF. Combining these risk factors into a simple questionnaire could provide good accuracy for the presence of VF, as defined by the AUC. These results provide the first high-quality evidence that back pain experienced by people with VFs is different to back pain experienced by people with degenerative change. Our novel results require validation and checking within different populations of older people but suggest that a suitable questionnaire could be developed and should be an accurate way of identifying which older women with back pain should have spinal radiographs. Because the presence of an osteoporotic VF is one of the strongest risk factors for future fracture [5, 6] , better identification of older women with undiagnosed VFs could allow prescription of currently available medications that reduce future fractures such as hip fracture by 30-50 % [10, 11] , and this could be cost-effective from a societal perspective.
We identified that people with other pain experiences, particularly neck pain, leg radiation and other horrible or excruciating pain were more likely to be controls-that is were more likely to have degenerative spinal disease-and this is similar to results identified in other studies. For example, clear associations between back pain and leg or neck pain have been reported in community-based populations, with presence of pain in other sites being a strong predictor of subsequent back pain and the need for spinal surgery for degenerative spinal disease [21, 22] . However, as far as we are aware, our finding of a negative association between presence of VF and leg radiation is novel but requires repeating. We have previously carried out a cross-sectional study of 504 women, of whom 37 had VFs and did not identify any association with leg radiation [17] , but this may be a reflection of the small number of women with VFs in that study compared with the present study.
We also found that people with back pain without VFs reported negative effects of the weather on their pain. This is similar to previous literature highlighting the high frequency with which this belief is reported, particularly in those with back pain [23] and chronic musculoskeletal pain [24, 25] , perhaps reflecting that people with chronic pain feel powerless and view uncontrollable external factors as explanations for their symptoms [26] . However, we did not identify an association between presence of VF and change in pain due to the weather, though again this requires further research to validate this observation. As far as we are aware, we have identified novel associations including a shorter duration of pain in people with VFs and improvement of the pain with no movement, in particular lying down. Development of an osteoporotic VF is likely to be a sudden, new event that may trigger attendance at primary care and a subsequent radiograph. This differs from the trajectories of patients who develop degenerative changes OR odds ratio, VF vertebral fracture of the spine over many months or years and for whom attendance at primary care may follow a different pattern. However, we know little about the attendance patterns of older women with VF, and more research is needed in this area. Relief of pain from shifting of fractured trabeculae or vertebral cortex from lying down is understandable. It is not clear why women without VF do not receive similar relief from lying down, but muscular spasm [27] or nerve compression [28] are known to be common causes of pain in degenerative spinal disease, and these are unlikely to be improved by lying down.
Our results have important implications for both the clinical and research agendas. We have shown for the first time that back pain experienced by women with VFs is different to back pain experienced by those with degenerative change only. Our results highlight that the absence of descriptors such as pain duration, radiation, pain described as crushing and pain improving on lying down from the current red flag system is an important omission. By validation of our results, including further testing within different populations and possibly combination with physical examination [15] , it should be possible Obtained from logistic regression models adjusting for self-report of a diagnosis of osteoporosis as a proxy for knowledge about the presence of a VF to develop a questionnaire to identify women with back pain due to osteoporotic VFs, and this may help address the current health care gap where less than a third of women with VF come to clinical attention [8] .
There are limitations to this study. Our sample size fell just below that required by our a priori sample size calculation, and as such, we may not have the power to identify some associations. A case control study design always has a risk of bias, and it is possible that the control group is not representative of the population that the cases came from. Another limitation is the potential for cases to know they had a VF. However, we attempted to account for this by adjustment for knowledge of osteoporosis, and this did not substantially change our results. It is possible that by restricting participants to the words within the McGill questionnaire, we will have missed qualities of pain experienced by women with and without VFs, and further qualitative work may be necessary. Finally, consideration of the generalisability of our results is important. As only 30 % of those approached agreed to take part, this may have implications for the generalisability of the results. We did not include men, and this needs to be addressed in future research. In addition, our results may not be generalisable to members of other ethnic groups [29] including non-white women from the UK. Future development of a questionnaire based on these findings should consider these issues to ensure maximum relevance of the questionnaire to the patient population.
In conclusion, we present the first high-quality evidence that back pain experienced by women with osteoporotic VF is different to back pain experienced by women with degenerative change only. This work now needs further development and validation to produce a questionnaire that can be tested with patients to help address the current serious healthcare gap whereby less than a third of women with VF come to clinical attention.
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